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ATOMIC STRUCTURE 


VARIOUS MODELS FOR STRUCTURE OF ATOM 


Dalton's Theory 


Every material is composed of minute particles known as atom. Atom is indivisible i.e. it cannot be subdivided. 
It can neither be created nor be destroyed. 


All atoms of same element are identical (Physically as well as chemically), whereas atoms of different elements 
are different in properties. 


The atoms of different elements are comparable to hydrogen atoms. (The radius of the heaviest atom is about 
10 times that of hydrogen atom and its mass is about 250 times that of hydrogen). 


The atom is stable and electrically neutral. 
Thomson's Atom Model 


The atom as a whole is electrically neutral because the positive charge present on the atom (sphere) is equal to 
the negative charge of electrons present in the sphere. 


Atom is a positively charged sphere of radius 10-!° m. in which poco 


electron are embedded in between. positively 


“= charged 


The positive charge and the whole mass of the atom is uniformly distributed matter 


throughout the sphere. 

Shortcomings of Thomson's model 

(i) The spectrum of atoms cannot be explained with the help of this model 
(ii) Scattering of a-particles cannot be explained with the help of this model 
Rutherford experiments on scattering of a - particles by thin gold foil 


The experimental arrangement is shown in figure. a-particles are emitted by some radioactive material (polonium), 
kept inside a thick lead box. A very fine beam of a-particles pass through a small hole in the lead screen. This 
well collimated beam is then allowed to fall on a thin gold foil. While passing through the gold foil, a-particles 
are scattered through different angles. A zinc sulphide screen was placed on the other side of the gold foil. This 
screen was movable, so as to receive the a-particles, scattered from the gold foil at angles varying from 0° to 
180°. When an a-particle strikes the screen, it produces a flash of light and it is observed by the microscope. It 
was found that : 


vacuum ZnS 
lead a1 8 2, 
creen : 
lead box Screen Men foil = 6, 
ns NS N(0) œ cosec' 9. 
y s b : 


^ 
o 
N(0) — 


a-particle most a-pass 
through 


source of 


a-particle 
about 1 in 8000 is some are deviated 90° 180° 
repelled back through large angle 6 o 
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Most of the a - particles went straight through the gold foil and produced flashes on the screen as if there were 
nothing inside gold foil. Thus the atom is hollow. 

Few particles collided with the atoms of the foil which have scattered or deflected through considerable large 
angles. Few particles even turned back towards source itself. 

The entire positive charge and almost whole mass of the atom is concentrated in small centre called a nucleus. 
The electrons could not deflected the path of a a - particles i.e. electrons are very light. 

Electrons revolve round the nucleus in circular orbits. 

So, Rutherford 1911, proposed a new type of model of the atom. According to this model, the positive charge 
of the atom, instead of being uniformly distributed throughout a sphere of atomic dimension is concentrated in 
a very small volume (Less than 107? cm is diametre) at it centre. This central core, now called nucleus, is 
surrounded by clouds of electron makes the entire atom electrically neutral. 


According to Rutherford scattering formula, the number of a - particle scattered at an angle 0 by a target are 


given by 
N,nt(2Ze?)? , 1 


* Alane)? r (mv)? mt 
2 


sin 


Where N, = number of a - particles that strike the unit area of the scatter 


n - number of target atom per m? 


t = thickness of target 

Ze = charge on the target nucleus 

2e = charge on a - particle 

r = distance of the screen from target 
v, = initial velocity of a - particles 


2 

Now closest approch distance is (r,) = 1 x (2Ze) 
Ane, E 
2 


where E, = KE. of a-particle 


1.5 Failure of Rutherford's Atomic model :- 


(i) It couldn't explain the stability of atom. 


(ii) It couldn't explain discrete nature of hydrogen spectra. 


1.6 Bohr's Theory of Hydrogen Atom g 
V EX fors 
Bohr's theory of hydrogen atom is based on the following assumption rd | E 
An electron in an atom moves in a circular orbit about the nucleus under the j i i A 
i nucleus : 
influence of coulomb's force of attraction between the electron and nucleus. i Ze® ^ 
As the atom as a whole is stable the coulombian force of attraction provides B ro 
necessary centripetal force. c RE 
e mv 
Aner’ r G) 
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1.8 


2.2 


Only those orbits are possible for which the angular momentum of the electron is equal to an integral multiple 


T 
of 5: ie. 


mvr = a ii 
On .. (ii) 


Where h is planck's constant. 


The electron moving in such allowed orbits does not radiate electromagnetic radiations. Thus the total energy 
of the electron revolving in any of the stationary orbits remains constant. 


Electromagnetic radiations are emitted if an electron jumps from stationary orbit of higher energy E, to another 

stationary orbit of lower energy E,. The frequency v of the emitted radiation is related by the equation. 
E,-E, - hv ...(iii) 

Shortcomings of Bohr's model 

This model could not explain the fine structure of spectral lines, Zeeman effect and Stark effect. 

This model is valid only for single electron systems. (can not explain electron-electron interaction) 

This model is based on circular orbits of electrons whereas in reality there is no orbit. 


Electron is presumed to revolve round the nucleus only whereas in reality motion of electron can not be 
described. 


This model could not explain the intensity of spectral lines. 
It could not explain the doublets obtained in the spectra of some of the atoms. 


Bhor's model is semi qunatum model, it means, it includes two quantum numbers (E and L) but unfortunately it 


consider circular motion of electron. 


Merit of Bohr's model 
Energy of electron obtained by it and quantum model are same. 


CHARACTERISTICS OF BOHR MODEL 
Radii of orbits 


. nh . ; 
From equation, v = DIRE Here n is number of orbit 
nmr 


2 
"nM . e? m| nh mn'h?.4mgyg? — n*h'g, 
Substituting value of v in equation z= => r= 2—2 2-2 — 2 
4ngy  r|2nmr 4n m'r'e nme 
nh e. . 
In general n= 2 (iv) 
nme 


equation (iv) shows that the radii of the permitted orbits vary as the square of n. For the smallest orbit n = 1 
substituting the values of h, s, , m and e we have 


radius of first orbit r, = 0.529 x 10? m = 0.529 A 
This calculations shows that the atom is about 107? meter in diametre 
Velocity of Revolving Electron 
To obtain the velocity of the revolving electron, we substitute the value of r from eq. (iv) in eq. (ii), we have 
Zur B ni yee nh nme? l b. e? 
2n F 2n n?h?g, m 2nheg -) 


2 


nme 


This expressions shows that the velocity of the electron is inversely proportional to n i.e. the electron in the 
inner most orbit has the highest velocity. 
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2.3 
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2.5 


2.6 


Frequency of Electron in an orbit 


Frequency of electron is given by 


1 v e? 1 nme? met 


“=T m 0 Ns 2nhe, “On n?h'g, E Acch?n? d 


This expression shows that the frequency of an electron is inversely proportional to the cube of n. 
Electron Energy 
The electron energy consist of two types : 


(i) Kinetic energy and (ii) Potential energy 


1 
(i) Kinetic energy is due to the motion of electron and its value is 2 mv? where v is the velocity of the electron, 


1, 1 " e? i , mef 
K.E = 2 mv" =5 Onhe, rom equation d K.E.- Buh 
(ii) Potential energy is due to the fact that electron lies in the electric field of positive nucleus. We know that 
potential at a distance r from the nucleus is :- V = e 
Årer 


-e? -e?xnme? | -me* 


The potential energy of electron of charge e is. P.E. = V x(- e) = Aner = 4re,nh e, = 4n?hic? 


"ER me^ me^ 
So, Total energy in n^orbit E, = KE. + PE, => E = Sn? hg? 4n?h?e,? 
—me* 
= Ps 8n7h’ «4 


Frequency of Emitted Radiation 


The frequency of emitted radiations can be found from the following relation when electron jumps from higher 
orbit n, to lower orbit n,. 


h me 1 1 7 
v=E,, -En => v= Beh "m 2 .. (viii) 


Np 


4 


1 me 1 1 me 
72.2 2| whereR = 82 hee } R = Rydberg's constant = 10.97 x10®°m? x 1.1 x10? m“ 
0 


Electron Energy Levels in Hydrogen Atom 


Energy of an electron revolving in n? orbit is given by 


2 me _ (9.11x10?!)1.6x10?)* 
"^ 8shm  8(8.854x10 77 (6.62x10*)?n? 
21.7x10? 21.7x10? 1 
ee, a dl OR ur S = oe - -19 
= 72 joule = ^1 610? T eV C^ leV = 1.6 x 107? J) 
-13.6 
E.= a eV 
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2.7 


(a) 


The negative sign in energy shows that is thus electron is bound to the nucleus by attractive forces and to 
seperate the electron from the nucleus energy must be supplied to it. Giving different values to n, we can 
calculate the energy of the electron in different orbits. 


E, --13.6eV . When n = 1 (K - Shell) 
E, =- 3.4 eV n = 2 (L - Shell) 
E, =- 1.5eV n = 3 (M - Shell) 
E, =0eV n = œ ( Limiting case) 


Energy of santa’ 

electron n=5 ——————— —,54 
energy nad a IS 
[9 fo s 

n = oo 

ETUES 40.85 eU 


excited states 

E 
Il 
N 
| 

wo 
EN 
iS 


ground state 
Ol 


A Sie ISIN 
ETTES ETTES 


The diagram is known as energy level diagram. The lowest energy level (n = 1) correspond to normal unexcited 


state of hydrogen. This state is also called as ground state. In energy level diagram the lower energy (more 
negative) are at the bottom while higher energies (Less negative) are at the top. By such a consideration the 
various electron jumps between allowed orbit will be vertical arrows between different energy level. The energy 
of radiated photon is greater when the length of arrow is greater. 

Spectral Series of Hydrogen Atom 

It has been shown that the energy of the outer orbit is greater than the energy of the inner ones. When the 
Hydrogen atom is subjected to external energy, the electron jumps from lower energy State i.e. the hydrogen 
atom is excited. The excited state is not stable hence the electron return to its ground state in about 10° 
seconds. The excess of energy is now radiated in the form of radiations of different wavelength. The different 
wavelength constitute spectral series. Which are characteristic of atom emitting, then the wavelength of different 
members of series can be found from the following relations 


v-i-n l 4 
A ny n; 


This relation explain the complete spectrum of hydrogen. A detailed account of the important radiations are 


listed below. 

Lyman Series 

The series consist of wavelength which are emitted when electron jumps from an outer orbits to the first orbit 
i. e. the electron jumps to K orbit give rise to lyman series. 


Here n, = 1 and n, = 2, 3,4, ....... oo 
The wavelengths of different members of Lyman series are : 
First member 


In this case n, = 1 and n, = 2 hence 


1 E T 4 4 


7 or A-— or RT 97.195 = 1216 x10 m = 1216A 
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(D Second member 
In this case n, = 1 and n, = 3 hence 
1 1 1 8R 9 9 
-R À-— N= 
a E F| 9 OF 8R d 8x10.97x1 


similarly the wavelength of the other members can be calculated. 


ge = 1026 x10? m =1026A 


(c) Limiting member 


In this case n, = 1 and n, = œ , hence 


1 1 1 1 
L-Rx EI a or ^-R 


EAR: A 
10.97 x 10° 


(ii) Balmer Series 


or =912x10m = 912A This series lies in ultraviolet region. 


This series is consist of all wavelengths which are emitted when an electron jumps from an outer orbit to the 
second orbit i. e. the electron jumps to L orbit give rise to Balmer series. 


Here n; = 2 and n, = 3, 4, 5 ......... oo 
The wavelength of different members of Balmer series. 
(a) First member 


In this case n, — 2 and n, - 3, hence 


1l. l 1 1 |- 5R „36 
X 2 3| 36 d -5R 

36 ; 
or z = 6563 x 107m = 6563A 


A= 
5x 10.97x10 


(b) Second member 
In this case n, = 2 and n, = 4, hence. 
1 1 1 | 3R - 16 


i- 16 
3x10.97x10 


(c) Limiting member 


or 


« = 4861 x 10m = 4861À 


1 1 1| R 4 ; 
In this case n, = 2 and n, = ©, hence r5 2 uu iE =3646A 


This series lies in visible and near ultraviolet region. 
(iii) Paschen Series 


This series consist of all wavelengths are emitted when an electron jumps from an outer orbit to the third orbit 
i. e. the electron jumps to M orbit give rise to paschen series. 


Here n, = 3 and n, = 4, 5,6....... oo 

The different wavelengths of this series can be obtained from the formula 

1 1 1 

ru EA where n, = 4, 5, 6 ........ oo 

For the first member, the wavelength is 18750À. This series lies in infra-red region. 
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(iv) Brackett Series 


This series is consist of all wavelengths which are emitted when an electron jumps from an outer orbits to the 
fourth orbit i. e. the electron jumps to N orbit give rise to Brackett series. 


Here n, =4andn, = 5, 6, 7, ...... oo 


The different wavelengths of this series can be obtained from the formula 


1 1 1 
TR Eon where n, = 5, 6, 7 oos o0 


n 
This series lies in infra-red region of spectrum. 
(vy Pfund series 


The series consist of all wavelengths which are emitted when an electron jumps from an outer orbit to the fifth 
orbit i. e. the electron jumps to O orbit give right to Pfund series. 


Here n, = 5and ti, = 6, 7, 8 sss oo 
The different wavelengths of this series can be obtained from the formula 
1 1 1 
X E where n, = 6, 7, 8 ....... oo 
This series lies in infra-red region of sepectrum. 
Conclusion 
S. No. Series Value of n, Value of n, Position in the 
Observed Spectrum 
1. Lyman Series 1 2,3,4...00 Ultra Violet 
2. Balmer Series 2 3,4,5...00 Visible 
3. Paschen Series 3 4,5,6....00 Infra-red 
4. Brackett Series 4 5,6,7....00 Infra-red 
5. Pfund Series 5 6,7,8....00 Infra-red 


}™[M[uuouuouDdn0]0 LL 


5" excited state n=6 —0.38 eV 
Pfund Series 
4" excited state n=5 —.54 eV 
Brackett Series 
3" excited state n=4 —0.85 eV 
Paschen Series 
2" excited state n=3 —1:51 eV 
Balmer Series 
1"'excited state n=2 —3.40 eV 
Lyman Series 
ground state (me —13.6 eV 
Figure : Conclusion in spectral form 
: [I^ Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 7 


New Delhi - 110074 
9810934436 , 8076575278 , 8700391727 


EXCITATION AND IONISATION OF ATOMS 


Consider the case of simplest atom i. e. hydrogen atom. this has one electron in the innermost orbit i.e., 
(n = 1) and is said to be in the unexcited or normal state. If by some means, sufficient energy is supplied 
to the electron, it moves to higher energy states. When the atom is in a state of a high energy it is said to 
be excited. The process of raising or transferring the electron from lower energy state is called excitation. 
When by the process of excitation, the electron is completely removed from the atom, then the atom is 
said ionized. Now the atom has left with a positive charge. Thus the process of raising the atom from the 
normal state to the ionized state is called ionisation. The process of excitation and ionisation both are 
absorption phenomena. The excited state is not stationary state and lasts in a very short interval of time 
(10 sec) because the electron under the attractive force of the nucleus jumps to the lower permitted 


orbit. This is acompained by the emission of radiation according to BOHR'S frequency condition. 


gem MUS. photon of HEU SEES. photon of 
LO DOS Sg SWAY wavelength à 
"i "d T M / Pad TS y 
end % 3 X $ y SUN A 
i Oj] TO N; 
& Ww r9 s o y Ne tas Ze 7 cs 
` ^ e r * SS e D 
ET / d e A 
SP d spectrum EUR spectrum 


origin of emission spectra origin of absorption spectra 


The energy necessary to excite an atom can be supplied in a number of ways. The most commonly 


kinetic energy (Wholly or partly) of the electrons is transferred to the atom. The atom is in now 


excited state. 

The various values of potential to cause excitation of higher state called excitation potential. The 
potential necessary to accelerate the bombarding electrons to cause ionisation is called the ionization 
potential. We have seen that the energy required to excite the electron from first to second state is 
13.6 - 3.4 = 10.2 eV., from first to third state is 13.6 — 1.5 = 12.1 eV., and so on. The energy 
required to ionise hydrogen atom is 0 - (- 13.6) = 13.6 eV. Hence ionization potential of hydrogen 


atom is 13.6 volt. 
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4. RESULTS OF BOHR MODEL 


Physical Ratio 
quantity Formulae 
for hydrogen 


atom 


Radius 


of Bohr 
orbit (r) 


Velocity 
of electron 
in n* Bohr 
orbit (v) 


Momentum 2xmKZe? 
of electron (P.) P7 nh 


Z 
P, © = 
n 


Angular "m Si? K?Z^me* 
velocity A n?h? 
of electron(o,) 


Time 
Period of 
electron 


(E) 


n 


2 4x?K?Z?e*m 


Frequency f. E 


(E) 
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Orbital Av WZe 


3,3 
current n'h 


(L) 


Angular 
momentum 


(J,) 


B 16z!K?Z^me? 


Centripetal 
a. nih? 


acceleration 


(a,) 


Kinetic 
energy 


(E, ) 


n 


Potential 
energy 
(U) 


n 


Total 
energy 
(E) 


n 


(but remember it 
negative sign) 


GOLDEN KEY POINTS 


2 hNENW»2l2ll eneee 
" p "MM ZLLLüÜU (—  .————0c uS 
e Recoil energy E = — E,-E,=pce=—~ | . I MEZ |^ hydrog8i--... 
"2M a ) x axis} nucleus ES 
—E mmy Rch? MES j| 
P educed mass y = = — r M eh: Rr i 
P= m +m, PT 2R e Lo Macc wm 4 
207m,x1840m, 1b ss 
E = 2 ES I Both the electron and nucleus of hydrogen 
For proton-meson system y = (207+1840)m, . 186m, atom revolve around a common centre of mass 


For electron-positron system u = m/2 
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Illustrations 


Illustration 1. 


A hydrogen atom in the ground state is excited by radiations of wavelength 975 À. 


Find : (a) the energy state to which the atom is excited. 
(b) how many lines will be possible in emission spectrum 
Solution. 

(a) 42975À-2975x10?9 m 

1 d s V A dead. 

X -R 1? n? kk 975x101? =1.1 x10 1? n? or n=4 
(b) n=4 

n(n - 1) 


Number of spectral lines (N) = 2 


4x(4 —1) 
N-——— =6 


Possible transition 4 > 3, 4 > 2, 4 > 1,3 > 2,3 > 1,251 
Illustration 2. 

Find the first and second excitation potentials of an atom when its ionisation potential is 122.4 V. 
Solution. 


1224 
LP. = 122.4 V E, = 122.4- <= =91.8V 
1224 
E„ = 122.4- —^5— = 108.8 V 


Illustration 3. 
Find the atomic number of atom when given that its ionisation potential is equal to 122.4 V. 
Solution. 


E [122.4 
LP. = 122.4 V E= ZEE. s Z= E. E 4136. = 3 
Hı : 


Illustration 4. 
Find the maximum wavelength of Brakett series of hydrogen atom. 
Solution. 


1 1 1 25x16x10” A 
By ren Oe pe ER z2 or Ana = 9x1 1x107 "^ 40400 A 


Illustration 5. 
Find the value of magnetic induction at the proton due to electron motion, if the radius of the first orbit of 
hydrogen atom is 0.5 A and the speed of electron in it is 2.2 x 109 m/sec. 

Solution 
r= 0.5 A and V = 2.2 x 106 m/sec 


lig ev _ 10"x15x10^*x2.2x10* 


= 4n r? 25x10 72 = 14.08 Tesla 
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Illustration 6. 


Find the ratio of equivalents current due to electron motion in first and second orbits of hydrogen atom. 


Solution. 


1 EE 
le cy B ox ele 


Illustration 7. 


Solution. 


For the given transitions of electron, obtain the 


relation between à, X, & X. [AIPMT 2004] 


For given condition E, - E, = (E, - E) + (E, - E) 


3 


Lod 
> he = he + Be > Ls 1 + l Therefore à, = = 
Vee Cae f 7 ae k © mem 


Illustration 8. 


A hydrogen atom is in a state of ionization energy 0-85 eV. If it makes a transition to the ground state, what 


is the energy of the emitted photon. [AIPMT 2005] 


Solution. 


Energy of emitted photon = 13.6 - 0.85 = 12.75 eV 


BEGINNER'S BOX-1 


Find the longest and shortest wavelength when a hydrogen atom in the ground state is excited by radiations of 
wavelength 975 À. 


How many lines will be possible in the absorption spectrum when a hydrogen atom in the ground state is 
excited by radiations of wavelength 975 À. 


Find the ratio of wavelength of first line of Lyman series of doubly ionised lithium atom to that of the first line 
of Lyman series of deuterium (,H?). 


Find the ratio of the area of orbit of first excited state of electron to the area of orbit of ground level for 
hydrogen atom. 


If the ionisation potential in the ground state for hydrogen is 13.6 e.V., then find the excitation potential of 
third orbit. 


When an electron jump from second orbit to ground state of hydrogen atom then calculate the wavelength of 


emitted photon. 
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(i) 


(ii) 


4. 


X-RAYS 
COOLIDGE METHOD OF X-RAY PRODUCTION 


Coolidge developed thermionic vacuum X-ray tube in which V (in kV) 
= + 


electrons are produced by thermionic emission method. 
Due to high potential difference electrons (emitted due to 
thermionic method) move towards the target and strike 
from the atom of target due to which X-ray are produced. 
Experimentally it is observed that only 1% or 2% kinetic energy 
of electron beam is used to produce X-ray and rest of energy 
is wasted in form of heat. 


CONTROL ON X-RAY 


There are two types of control on X-ray - 


Intensity control 


The intensity of X-ray depend on number of electrons striking the target and number of electron depend on 
temperature of filament which can be controlled by filament current. 


Thus intensity of X-ray depend on current flowing through filament. 
Penetrating Power control 


The Penetrating power of X-ray depend on the energy of incident electron. The energy of electron can be 
controlled by applied potential difference. Thus penetrating power of X-ray depend on applied potential difference. 
Thus the intensity of X-ray depend on current flowing through filament while penetrating power depend on 


applied potential difference 


TYPES OF X-RAY - 


[Sot Xray —— [ — HedXmy 
M ILL 


Penetrating power 
Radiography Radiotherapy 


CONTINUOUS SPECTRUM OF X-RAY 


mn gy eV. V 


a a a 
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V: > V2 > V, 


Continuous X-rays are also known as white X-ray. Minimum wavelength of these spectrum only depend on 
applied potential and don't depend on atomic number. 


5. CHARACTERISTIC SPECTRUM OF X-RAY 


When highly accelerated electron strike with the atom of target then it knockout the electron of orbit, due to 


this a vacancy is created. To fill this vacancy electron jump from higher energy level and electromagnetic 


radiation are emitted which form characteristic spectrum of X-ray. 


characteristic X-ray 


ES 

D 

= 

o2 

i= X-ray from a molybdenum 
g target at 35 kV 

? L. 


= 


Bremsstrahlung 
continuum 


0.02 0.04 0.06 0.08 0.10 0.12 
wavelength (nm) 


6. MOSELEY'S LAW 


Moseley studied the characteristic spectrum of number of many elements and observed that the square root of 
the frequency of a Kline is closely proportional to atomic number of the element. This is called Moseley's law. 


Jv «(Z-b) => ve(Z-Vby, v-a(Z-bp? ... (i) 
Z = atomic number of target, v = frequency of characteristic spectrum 
b = screening constant (for K- series b=1) a = proportionality constant 
e For X-ray production, moseley formulae are used because heavy metal are used. 
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Illustrations 
Illustration 1. 
Find out wave length of K, X-ray 
Solution. 


K, means transition from n,=2ton, = 2andb=1 for K series 


1 A-t l MEX 
i = R(Z - 1) n? ng hee = RZ- 1) 2 
_1/% 1 3 
: = SR(Z = 1) R = 1.097 x10’m and ==912A 
Aka 4 R 
" 4 " 1216 , 
Ka = 3R(Z-1 Ka = (z g^ 
Similarly Vy, = 2.47 x105(Z- 1?Hz and E, = 10.2(Z - 1) eV 
Graph 


rb Z — 


Illustration 2. 


For tungsten, atomic energy level of K, L & M are given 69.5 keV, 11.3 keV and 2.30 keV respectively. 
For obtaining charcteristic K; & K, lines for tungsten, what should be the required minimum accelarating potential 


and Anin ? Also calculate As and Ag: 
Solution. 


ionisation energy 


= 69.5 kV 


Required minimum accelerating potential = 


. . . hc 12400 ; 
For this accelerating potential, Anin = ET = 595 x 10? A = 0.178 A 


12400 A A 
A = A=0.213A 
wavelength for K a= 695-113) x10" 0.213 


E 12400 
P' (695- 230) x 10° 


wavelength for K, Å = 0.184 À 


Illustration 3. 


An X-ray tube operates at 20 kV. A particular electron loses 5% of its kinetic energy to emit an X-ray photon 
at the first collision. Find the wavelength corresponding to this photon. 


Solution. 


Kinetic energy acquired by the electron = 20 x 103 eV 


The energy of the photon = RN x 20 x 10? eV = 10? eV 


100 
hc hc 12400eV - À i 
——— 3 ae ae — e—a 
Thus " 10? eV or X TT 10V 12.4 A 
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Illustration 4. 
The K, X-ray of molybdenum has wavelength 7 1pm. If the energy of a molybdenum atom with a K electron 
knocked out is 23-32 keV, What will be the energy of this atom when an L-electron is knocked out? 
Solution. 


Given Ax, = 71 pm = 0-71 À 


hc 12400 eV- À 


"S —— -1746 keV 
7 0-71A 


Thus E = E, - 17-46 keV = 23.32 keV - 17-46 keV = 5-86 keV 
Illustration 5. 

The electron current in an X-ray tube operating at 40 kV is 10 mA. Assume that on an average 1% of the 

total kinetic energy of electrons hitting the target is converted into X-rays. 

(a) | What is total power carried by X-rays ? 

(D | How much heat is produced at the target per second ? 
Solution. 

Power drawn by X-ray tube is P = i xV = 10 x 102 x 40 x 10? = 400W 
x-ray = 1% of 400W = 400 x » = 4W 
(D Remaining 99% power is converted into heat at target 

Heat produced = 400 - 4 = 396W 


(a) P 


Illustration 6. 
In the experiment of Coolidge tube, wavelength of electron striking at the target is 0-01 nm. What will be 
value of minimum wavelength of X-rays obtained from the tube ? 


Solution 


Wavelength of a moving electron 4, = ——— A 


or V, = accelerating potential of electron = a 7 5 y 


e 


= 15000 volt 


hc  6-62x 10% x 3 x 108 
eV ^ 16x10 x 15000 


Minimum wavelength of X-rays Anin = - 0.826 À 


Illustration 7. 
An X-ray beam of wavelengh 1.0À is incident on a crystal of lattice spacing 2.8 À. Calculate the value of 


Bragg's angle for first order diffraction. 
Solution. 

From Bragg's equation 2d sin = nA 

2 x 2.8 x 10? x sind = 1 x 107? 


=> sind = 0.1786 or 0 = sin“! (0.1786) 
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BEGINNER'S BOX-2 


1. 


If wavelength of K, radiation of Mo (Z = 42) is 0.71 A then calculate the wavelength of the corresponding 
radiation of Cu(Z = 29). 


X-rays are produced in a X-ray tube by electrons accelerated through an electric potential difference of 
50.0 kV. An electron makes three collisions in the target before coming to rest and loses half of its remaining 
kinetic energy in each of the first two collisions. Determine the wavelength of the resulting photons. (Neglect 
the recoil of the heavy target atoms) 


Voltage applied across the coolidge tube is 25 kV. What is kinetic energy of electron striking at the target 
and cut-off wavelength of X-ray obtained from the tube ? 


If applied potential across the X-ray tube is made — time then minimum wavelength of X-rays is shifted 


by 1À. Find the original values of applied Pur minimum wavelength. 
Find the 

(a) maximum frequency, and 

(D | minimum wavelength of X-rays produced by 30 kV electrons. 


(a) An X-ray tube produces a continuous spectrum of radiation with its short wavelength end at 0.45 A. What 
is the maximum energy of a photon in the radiation? 


(b) From your answer to (a), guess what order of accelerating voltage (for electrons) is required in such a tube? 


The intensity of X-rays of wavelength 0.5À reduces to one fourth on passing through 3.5 mm thickness of 
a metal foil. The coefficient of absorption of metal will be 


DIFFRACTION OF X-RAY 


Diffraction of X-ray is possible by crystals because the interatomic spacing in a crystal lattice is order of wavelength 
of X-rays. It was first varified by Lauve. 


Diffraction of X-ray take place according to Bragg 's law 


2d sin0 = nv 


d = spacing of crystal plane or lattice constant or distance between adjacent atomic plane 
0 = Bragg's angle or glancing angle 


= Diffracting angle 


n21.2.33u $ 
0 0 
For Maximum Wavelength ty 
o [e] ie) o o + 
sn0-1,n-21 
o [6] [e] [e] o 


similarly A... = 2d 
so if à > 2d diffraction is not possible i.e. solution of Bragg's equation is not possible. 


ABSORPTION OF X-RAYS 


As electromagnetic waves pass through any medium (except vaccum) its energy is partially absorbed, increasing 
the internal energy in the material and the intensity is correspondingly attenuated. 
When a beam of X-ray (or any electromagnetic wave) passes through a thin sheet of material of thickness dx, 


the decrease dl in its intensity I is found to be proportional to the initial intensity I and to the thickness dx. Thus 
dI = -ul dx 
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The proportionality constant a, which depends on the material is called the absorption coefficient. The intensity 


after passage through a slab of finite thickness x can be obtained by integrating above equation 


[elo 


Where I, is the intensity at x = 0. The above equation is called Lambert's law. 


9. PROPERTIES AND USES OF X-RAY 


Properties 

e X-ray always travel with the velocity of light in straight line because their wavelength is very small. 

e X-ray is electromagnetic radiation it show particle and wave both nature 

e In reflection, diffraction, interference, refraction X-ray shows wave nature while in photoelectric effect it 
shows particle nature. 

e There is no charge on X-ray thus these are not deflected by electric field and magnetic field. 

e X-ray are invisible. 

e X-ray affect the photographic plate 

e When X-ray incident on the surface of substance it exert force and pressure and transfer energy and 
momentum 

e Characteristic X-ray can not obtained from hydrogen because the difference of energy level in hydrogen 
is very small. 

Uses 

(a) In study of crystal structure (b) In surgery (c) In radiography (d) In Engineering 


| | BEGINNER'S BOx-1 || | | BEGINNER'S BOX-2 || 


1.4,,.= 18787.8A, 4, - 973 À 1.1.52À 
2.n-4 3.1:9 2. 49.6 pm, 99.2 pm 
4.16:1 5. 0.66 eV 3. Kinetic energy = 25 keV, Amn = 0.5 Å 
6. 122 nm. 4. Anin = 0-66 Å, V, = 18-6 kV 
5. (a) 7.26 x 1018 Hz, (b) 0.413 À 
6. (a) 27.55 keV, (b) 27.5 kV 
7. 0.4 mm! 
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EXERCISE-I (Conceptual Questions) 


X-RAYS 


1. 


If the K, radiation of Mo has a wavelength of 
0.71 A. The wavelength of the corresponding 
radiation of Cu :- [Zw = 42, Zo = 29] 


8. 


On increasing the filament current in X-ray 


tube :+1) wavelength of X-rays increases 


(2) penetration power of X-ray increases 


(3) intensity of X-rays decreases 


(1) 0.52 À (2) 1.52 A 
(4) intensity of X-rays increases 
(3) 2.52 A (4) 3.52 A 
9. Which of the following is not affected by 
In coolidge tube the potential difference between electro-magnetic fields :— 
cathode and anticathode is 120 kV. The maximum 
(1) a-rays (2) B-rays 
energy of emitted X-rays will be — 
(3) X-rays (4) cathode-rays 
(1) 1.2 x 105 eV (2) 10% eV : 
10. Minimum wavelength of X-ray is 2 A, then potential 
(3) 107? eV (4) 10” eV difference between anode and cathode is:- 
If the X-ray tube is working at 25 kV then the (1) 62 kV (2) 6.2 kV 
minimum wavelength of X-rays will be :— (3) 24.8 kV (4) 2.48 kV 
WU) QS LEV 92A. (9p0 T9 A 11. X-rays obtained by coolidge tube are :- 
The distance between interatomic lattice planes is (1) mono-chromatic 
10A. The maximum wavelength of X-rays which 
are diffracted by this crystal will be -— (2) of all wave lengths below a maximum wavelength 
(1) 10A (2) 20À (3) 30A (4) 40À (3) of all wave length above a minimum wave length 
4) of all length bet j d 
The structure of solids is studied by :— Wie fe M m dumme 
minimum wave length 
(1) X-rays (2) y-rays 12. X-ray is an electromagnetic radiation, so X-ray 
(3) Cosmic rays (4) Infrared rays photons carry :- 
50% of X-rays obtained from a Coolidge tube pass Tyran: eleatnic ‘charge 
through 0.3 mm. thick aluminium foil. If the (2) a magnetic moment 
potential difference between the target and the ERE. 4 r 
cathode is increased, then the fraction of X-rays POS elecriccharge ani magnete mome 
passing through the same foil will be :— (4) neither electric charge nor magnetic moment 
(1) 5096 (2)» 5096 (3)« 50% (4) 0% 13. Characteristic X-rays are not obtained in the 
spectrum of H-atom because :- 
When 50 keV electrons are made incident on a 
target material, the wavelength of K X-ray line was (1) hydrogen is a gas 
found to be 0.5À. When the accelerating potential (2) hydrogen is very light 
is increased to 100 kV, then the wavelength of K — 
line from the same target will be (3) energy difference in energy levels of hydrogen 
. is much less 
(1) 0.25 A (2) 0.5 A 
(4) energy difference in energy levels of hydrogen 
(3) 0.75 À (4) 1.0 À is much high 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


Which of the following is related with characteristic 21. 


emission of X-ray :— 
(1) a-particle emission — (2) electron emission 


(3) positron emission (4) K-eletron capturing 


Penetration power of X-rays depend on :- 22. 


(1) current flowing in filament 
(2) applied potential difference 
(3) nature of target 


(4) all of the above 


Which of the following have velocity equal to light 23. 


(1) cathode rays (2) anode rays 


(3) X-rays (4) positive rays 


The energy of characteristic X-rays photon obtained 24. 


from coolidge tube comes from :— 

(1) kinetic energy of incident electron. 

(2) kinetic energy of free electrons of target material 
(3) kinetic energy of ions of target material 


(4) electron transition in target material 


The minimum wavelength of X-rays produced by 
electrons accelerated by a potential difference of 


V volts is equal to :— 


eV eh hc h 
(1) Tc (2) ET ( eV 


In E.M. waves spectrum X-rays region lies between 
(1) short radio waves and visible region 

(2) visible and ultraviolet region 

(3) gamma rays and ultra-violet region 

(4) short radio waves and long radio waves 


If V be the accelerating voltage, then the maximum 
frequency of continuous X-rays is given by :- 


eh 


hV V h 
B = B 


a E Wa 


The shortest wave length emitted from an X-ray 
tube depends upon :- 


(1) the voltage applied to the tube 
(2) the nature of the gas in the tube 
(3) the current in the tube 


(4) the nature of target material 


Absorption of X-ray is maximum in which of the 25. Inan X-ray tube, the intensity of the emitted X-ray 
following sheets :— beam is increased by :— 
(1) copper (2) gold (1) increasing the filament current 
(3) beryllium (4) lead (2) decreasing the filament current 
In X-ray spectrum wave length X of line K, depends (3) increasing the target potential 
on atomic number Z as :- (4) decreasing the target potential 
(1) X « Z? (2) X œ (Z-1P 26. In an X-ray tube, electrons accelerated through a 
1 1 potential difference of 15000 V strike a copper 
(3) X œ ud (4) X o Z1? target. The speed of the emitted X-rays from the 
tube is :— 
If potential difference applied to an X-ray tube [e=charge on electron, m=mass of electron, 
is V volt, then minimum wavelength of X-rays Z-atomic number of target] 
produced is about (in A) :- 
(1) 42x2ex1500 (2) V¥2xex1500 
(1) 1240/V (2) 12400/V m m 
V2Ze x 1500 
(3) 24000/V (4) 12.27/4N = (4) 3 x 10° m/s 
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27. 


28. 


29. 


30. 


31. 


32. 


The momentum of a photon in an X-ray beam of 33. Penetrating power of X-rays can be increased by 
-10 iS — 
107* metre wavelength is : (1) increasing the potential difference between 
(1) 1.5 x 1023 km/sec (2) 6.6 x 10 kg-m/sec anode and cathode 
doped 4) 2.2 x10 ka-m/ (2) decreasing the potential difference between 
regn MEL Nr anode and cathode 
The energy of a photon of light with wavelength (3) increasing the cathode filament current 
5000À is approximately x eV. This way the energy 
I 4 ing th th fil t t 
of an X-ray photon with wavelength 1A would be:- TA GEEIeas n We CRDUDG, Hament ceitern 
34. K, characteristic X-ray refers to the transition :— 
x 
(1) 000" (2) (5000) eV (Ijn=2ton=1 (2)n=3ton=2 
(3)n=3ton=1 (4)n=4ton=2 
(3) x x 5000 eV (4) x x (5000)%eV 
35. The production of characteristic X-rays is due to :- 
The kinetic energy of an electron which is . O 
f ; (1) transfer of momentum in collision of electrons 
accelerated through a potential of 100 volts is :— . 
with the target atom 
(1) 1.602 x 10° joules (2) transfer of energy in collision of electrons with 
(2) 418.6 calories Hie tatger com 
(3) the transition of electrons in heavy target atoms 
(3) 1.16 x 10° eV from high to low energy level 
(4) 6.626 x 10?* watt-second (4) none of these 
The wavelength of the most energetic X-ray emitted 36. X-rays are produced in X-ray tube operating at a 
when a metal target is bombarded by electrons given accelerating voltage. The wavelength of the 
having kinetic energy 100 keV is approximately : continuous X-rays has values from :- 
P P (1) O to œ 
(1) 12 A (244 
(2) Am to ©, where A m > O 
3) 0.31 Å 4) 0.124 À 
(3) 4) (3) O to X. where A < o 
For harder X-rays :— (4) X... to Anao where O <A <A < o 
(1) the wavelength is higher 37. The ratio of the energy of an X-ray photon of 
wavelength 1 A to that of visible light of wavelength 
(2) the intensity is higher 5000 A is = 
(3) the frequency is higher (1) 1 : 5000 (2) 5000 : 1 
(4) the photon energy is lower (3) 1:25 x 10° (4) 25 x 10° 
38. According to Mosley’s law, the frequency of a 
When cathode rays strike a metal target of high pM HM 
Iti ANS MEE. characteristic spectral line in X-ray spectrum 
melting point with very high velocity, then :— opu 
(1) X-rays are produced (1) atomic number of the element 
(2) a-rays are produced (2) square of the atomic number of the element 
Gies are podie (3) square root of the atomic number of the element 
(4) fourth power of the atomic number of the 
(4) ultrasonic waves are produced element 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 


For the structural analysis of crystals, X-rays are used 
because :— 


(1) X-rays have wavelength of the order of 


interatomic spacing 


(2) X-rays are highly penetrating radiations 


46. 


kV 


If the operating voltage of X-ray tube is 50 
then velocity of X-ray :- 
(1) 4 x 10* m/sec (2) 3 x 108 m/sec 


(3) 108 m/sec (4) 3 m/sec 


47. When X-rays are projected in strong magnetic field 
(3) wavelength of X-rays is of the order of nuclear it will — 
size l 
1) deflect right. 
(4) X-rays are coherent radiations VI eg did 
What determines the hardness of the X-rays (2) deflect left. 
obtained from the Coolidge tube :- (3) move in opposite direction to magnetic field 
: : t 
(1) current in the filamen dinarada 
(2) pressure of air in the tube 
48. If voltage of X-ray tube is doubled then intensity 
(3) nature of target of X-rays will :— 
(4) potential difference between cathode and target (1) halved (2) remains constant 
The most penetrating radiation out of the (3) doubled (4) quadrupled 
following is 
ix 9 49. If minimum wavelength obtained in a X-ray tube 
ee VL BarRUS is 2.5 x 10? m. For this minimum wavelength the 
(3) o-particles (4) y-rays minimum operating voltage of the tube should be- 
On increasing the number of electrons striking the (1) 2 kV (2) 3 kV (3) 4 kV (4) 5 kV 
anode of an X-ray tube, which one of the following 
parameters of the resulting X-rays would increase 50. In X-ray tube, wavelength of X-ray is the 
characteristic of :— 
(1) penetration power (2) frequency 
(1) tube voltage (2) target material 
(3) wavelength (4) intensity 
(3) filament current (4) none of these 
For production of characteristics K, X-ray, the 
electron transition will be :— 51. 5000V is applied on an electronic X-ray tube. Then 
did dog ed Uinc dde 2 minimum wavelength of X-ray will be :— 
(3) n=3ton=1 (4) n=4ton=2 (1) 1.24 x 10! m (2) 2.48 x 10? m 
If X-rays is passed through from strong magnetic (3) 3.72 x 10"! m (4) 4.96 x 10 m 
field, then X- - 
feared ne 52. Pressure inside the X-ray tube is :— 
(1) will deviate maximum (2) will deviate minimum 
(1) equal to 740 mm of Hg 
(3) undeviated (4) none of these 
(2) equal to 76 mm of Hg 
Which of the following wavelength is not possible 
for an X-ray tube which is operated at 40 kV:- (3) equal to 105 mm of Hg 
(1)0.25A (20.5À (3)0.52 A (4)0.34À (4) equal to 107 mm of Hg 
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53. 


54. 


55. 


56. 


57. 


58. 


59. 


20 kV potential is applied across X-ray tube, the 69. nn Of X-rays depends on :- 
minimum wavelength of X-ray emitted will be :— 
(1) Atomic number of target 
(1) 0.62 A (2) 0.37 A] 
; . (2) Energy of electron 
(3) 1.62 A (4) 1.31 A 
(3) Both (1) & (2) 
What is the minimum wavelength of X-rays :- 
" " (4) None of these 
e c 
a) = (2) | 
61. The order of energy of X-ray photon is :- 
hc hc 
(3) us (4) v (1) MeV (2) keV 
To increase the hardness of X-rays in coolidge tube (3) eV (4) GeV 
we should :- 
62. If vacuum tube is operated at 6.4 kV, what is the 
(1) increase filament current wavelength of X-ray produced :- 
(2) increase filament voltage (1) 1.93À (2) 1.53À 
(3) increase the voltage applied between cathode (3) 2.67À (4) 0.78À 
and anticathode 
63. When electron is incident on molyblednum then by 
(4) none of these changing energy of electron :- 
For X-ray diffraction, order of size of obstacle (1) Ain changes 
is : 
. . (2) Amin remains constant 
(1)1A (2) 10 A 
(3) 20 A (4) 30 À (3) Ak, , 4x, changes 
Voltage applied across the X-ray tube is 
(4) Anin ^x, and MK, all changes 
(1) 1000 V (2) 100 V 
(3) 10 V (4) 10°V 64. In Coolige tube the relation between used voltage 
V and minimum wavelength Anin is- 
Which of the following is the wave length of X-ray: 
; ; 1) X V 2) X... 
(1) 10,000 À (2) 1000 À (1) Amin (2) A, © AV 
(3) 1 À (4) 10* À 1 1 
3 Amin © 4 Anin £S 
(3) N (4) 
Lattice constant of a crystal is 3 x 10 cm and 
glance angle of X-ray is 30?for first order diffraction, 65. In an X-ray tube accelerating potential is 60 kV. 
then the value of 2 will be -— What is the maximum frequency of emitted X-ray ? 
(1) 6 x 105 cm (2) 3 x 10 *cm (1) 1.45 x 10? Hz (2) 1.45 x 10? Hz 
(3) 1.5 x 10? cm (4) 103 cm (3) 1.25 x 10? Hz (4) 1.25 x 10^ Hz 
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ATOMIC STRUCTURE 


66. 


67. 


68. 


69. 


70. 


What is the wavelength of the least energetic photon 
emitted in the Lyman series of the hydrogen atom 


spectrum ? 
(1) 150 nm (2) 122 nm 
(3) 102 nm (4) 82 nm 


What is the ratio of the shortest wavelength of the 
Balmer series to the shortest wavelength of the 
Lyman series ? 


(24:3 
(4 5:9 


Kinetic energy for Hydrogen atom in first Bohr's 
orbit is— 

(1) - 13.6 eV (2) 13.6 eV 
(3) -27.2 eV (4) -6.5 eV 


According to Bohr Model for Hydrozen, energy is 


proportional to : 
(1) -Z2/n (2) -n/Z 
(3) -Z^/n* (4) -n°/Z 


In above question radius is related as :- 


(1) n°/Z (2) 


EXERCISE-I (Conceptual Questions) 


oie) ee ee ee ee ee oe ee EUN ee eae 
Ans| 2 | 1 | 1 | 2 | 1 [2 | 2 | 4/3 | 2/3 | 4/3 | 4 | 2 | 
(Que| 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 
Ans| 3 | 4 4|4|2|3 3]|3/,1,12[|4 2|3 1/4 
(Que| 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 - 


71. 
V 


72. 


73. 


74. 


If ionization potential of Hydrozen atom is 13.6 
then what is ionization potential of He atom ? 
(1) 27.6 V (2) 13.6 V 
(3) 54.2 V (4) None of these 


Which of the following statements is correct ? 
(1) Lyman series is continuous 

(2) Balmer series lies in ultraviolet region 

(3) Paschen series lies in infrared region 


(4) Brackett series lies in visible region 


According to the Bohr theory of Hydrogen atom, 
the speed of the electron, its energy and the radius 
of its orbit varies with the principal quantum number 
n, respectively, as 


1 ils 2 lul 
(1) Sy, Q) =n? 
1 1 1 

2 —_ 2 ——— 
(3) fi^, moe (4) URS, 


If the ionization potential of hydrogen atom is 


13.6 eV, its energy in the n = 3 is approximately 
(1) - 1.14 eV (2) - 1.51 eV 


(3) -3.4 eV (4) - 4.53 eV 


Ans| 3 | 2 | 1| 1 | 3 | 2 |2 | 2 |1 | 4 {4/4 3 |3 | 1 | 
Que| 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 
Anj 2 | 4 | 2 | 4 | 2 | 2 | 3 | 1 |2 | 3 | 1 | 1 J| 3 | 2 | 2 | 
Que| 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | — | 
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EXERCISE-II (Assertion & Reason) 


Directions for Assertion & Reason questions 


These questions consist of two statements each, printed as Assertion and Reason. While answering 
these Questions you are required to choose any one of the following four responses. 
(A) Ifboth Assertion & Reason are True & the Reason isa correct explanation of the Assertion. 
(B) If both Assertion & Reason are True but Reason is not a correct explanation of the Assertion. 
(C) If Assertion is True but the Reason is False. 
(D) Ifboth Assertion & Reason are false. 

1l.  Assertion :When X-ray incident on metal, the 6. Assertion :X-rays are used for studying the 
ejection of electron shows the particle nature structure of crystals. 
of X-ray. Reason: Size of the atoms of crystals is of the 
Reason: X-ray is positively charged particle. order of wavelength of X-rays. 

(1) A (2) B (3) C (4) D (1) A (2) B (3) C (4) D 

2. Assertion :X-ray can not obtain from hydrogen 7. Assertion :Soft and hard X-rays differ in 
atom. frequency only. 

Reason: Hydrogen atom has single electron. Reason : Hard X-rays propagate at higher speed 
(1) A (2) B (3) C (4) D than soft X-rays. 

3. Assertion : Cause of production of continuous (1) A (2) B (3) C (4) D 
X-rays is the loss in kinetic energy of electrons during 8. Assertion :- The electron will be ejected from a 
collisions with different nuclei of target hydrgoen atom when electron beam of kinetic 
Reason: A decelerating charged particle energy 10.6 eV falls on it. 
radiates electromagnetic waves. Reason :- The difference between n, and n; is 
(1I)A (2) B (3) C (4)D MeV 

4. Assertion :X-rays are high energy photons. (1) A (2) B (3) C (4) D 
Reason: particles are helium nuclei. 9. Assertion :- Atoms have chemical energy. 

(1) A (2)B (3) C (4) D Reason :- Chemical energy is due to potential and 

5. Assertion :X-rays can be emitted by the excited kinetic energy of electrons in the atom. 
atoms. [AIMS 2017] 
Reason : y-rays can be emitted by the excited (1) A (2) B (3) C (4) D 
nuclei. 10. Assertion :- Bohr model is inconsistent with 
(1)A (2) B (3) C (4) D uncertainity principle. 


Reason :- Bohr was unable to explain intensity of 
[AIIMS 2018] 
(4) D 


different spectral lines. 


(1) A (2) B (3) C 


EXERCISE-II (Assertion & Reason) 


N me 


Oue ESTE | EET TERES TESTER SEIT 
Ans] 3 |2|1/|,2]|2/,|1]|98 | 4| 1 | 2 | 
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